Existing and prospective satellite ocean remote sensing systems, and d a t a s e t s from previous systems, are reviewed i n t h e c o n t e x t of t h e i r c o n t r i b u t i o n s t o s o l v i n g p r i o r i t y s c i e n t i f i c problems in physical oceanography. The r o l e of a l t i m e t e r s , s c a t t e r o m e t e r s , microwave radiometers, synthetic aperature radars, (SAR), i n f r ar e d imagery, and color imagery in determining the s u rf a c e dynamic topography, surface winds and waves, sea surface temperature, tides, sea ice, and upper ocean o p t i c a l p r o p e r t i e s is c o n s i d e r e d , a s i s the use of t h i s i n f o r m a t i o n f o r t h e e s t i m a t i o n of t h e mean and t r a n s i e n t c i r c u l a t i o n of the ocean, including oceanic eddies and f r o n t s . S a t e l l i t e r e m o t e s e n s i n g measurements of the ocean w i l l be most u s e f u l when used tog e t h e r w i t h modern i n s i t u measurements a s complement a r y components i n a real-time global observational network for the purposes of operational ocean predict i o n a s w e l l a s f o r b a s i c r e s e a r c h on climate-related and t r a n s i e n t o c e a n c i r c u l a t i o n modeling topics. Because of t h e enormous volume of data involved, and the complexity of the algorithms required to process i t , d a t a p r o c e s s i n g f a c i l i t i e s , d a t a b a s e management, and data exchange issues loom l a r g e . A new e r a i n synoptic and q u a n t i t a t i v e p h y s i c a l oceanography w i l l commence l a t e r i n t h e d e c a d e w i t h t h e l a u n c h and v a l id a t i o n of t h e p l a n n e d s a t e l l i t e s , e s p e c i a l l y i n t h e i r a p p l i c a t i o n t o t h e World Ocean Circulation Experiment (WOCE) and operational ocean prediction.
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P r i o r i t y S c i e n t i f i c P r o b l e m s i n P h y s i c a l Oceanography
Physical Oceanography cerned with understanding the ocean as a physical system, a s b o t h a dynamical and a thermodynamical f l u i d system. This system encompasses not only the interior of t h e o c e a n b u t a l s o t h e i n t e r a c t i o n of the ocean with the atmosphere, sea floor, cryosphere, and t h e c o n t in e n t s . I n t h e b r o a d e s t sense, ocean physics also i n c o r p o r a t e s t h e t r a n s m i s s i o n of a c o u s t i c , o p t i c a l , and other electromagnetic energy forms with the ocean's boundaries. 100 times as many "storm centers" as the atmosphere at any one time and needs an order-of-magnitude more dense observing system. However, t h e r e is a compensation: since oceanic eddies propagate a t one thousandth the speed of atmospheric eddies, and exist a hundred times as long, the oceanic propagation (and duration) time s c a l e i s one hundred times that of the atmosphere. Hence, corresponding to a typical atmospheric synoptic mesoscale time s c a l e is a y e a r o r two. S i m i l a r l o g i c time scale of a week, t h e t y p i c a l oceanic synoptic a p p l i e s t o o c e a n i c j e t s ( i n t e n s e c u r r e n t s ) , t h e i r meanders, and fronts in relation to atmospheric j e t s , their meanders, and fronts. Therefore, the high tem-US. Government work not protected by US. copyright.
p o r a l and modest s p a t i a l s a m p l i n g r a t e s r e q u i r e d f o r observing atmospheric weather can be traded for high s p a t i a l and modest temporal sampling r a t e s f o r o b s e r ving oceanic weather.
The high sampling rates of 10 t o 20 km r e q u i r e d t o r e s o l v e o c e a n w e a t h e r f e a t u r e s is t h e source of the oceanographer's dilemma. With conventional measurements, the oceanographer i s confined to studying ocean weather in only a r e g i o n a l domain and along shipping lanes or studying ocean climate on a very large scale, hoping to average-out the shorter term, and presumed smaller amplitude, fluctuations due to ocean weather, and i g n o r i n g t h e i n f l u e n c e of ocean weather on ocean climate. Such a s i t u a t i o n i s u n s a t i sf a c t o r y .
The Working Assumption
In t h e p h y s i c a l o c e a n o g r a p h e r ' s i n t e r e s t i n s a t e ll i t e ocean remote sensing there is a n i m p l i c i t assumpt i o n : t h e dominant oceanic processes will have s u f f i c i e n t , c o m p r e h e n s i b l e s u r f a c e m a n i f e s t a t i o n s t h a t an enormous increase in remotely sensed surface information w i l l allow inference of t h e p h y s i c a l (mass and flow) structure throughout the water column. This assumption may seem unsound.
However, t h e p h y s i c a l oceanographer is equipped with some a p r i o r i knowledge and ocean dynamical principles to aid in the task. from climatology, oceanic process studies and models,
Other Topics
Of course there are s c i e n t i f i c problem a r e a s beyond ocean weather and c l i m a t e of c o n c e r n t o t h e physical oceanographer. For example, though relatively well understood, there remains much to be done to pred i c t s a t i s f a c t o r i l y o c e a n t i d e s a n d wind waves and swell.
The sea ice boundaries of the polar regions f l u c t u a t e g r e a t l y w i t h t h e s e a s o n s , and on time s c a l e s of y e a r s and longer. The p o s i t i o n of t h e i c e e d g e i s an important determinant in air-sea heat and o t h e r exchanges a t h i g h l a t i t u d e s , a n d , t h u s , i n f l u e n c e s t h e atmospheric and oceanic climates.
The ice edge per se is a complex region of detached ice f l o e s and vigorous oceanic eddies and fronts, and associated intense oceanic mixing. This marginal ice zone (EIIZ) i s an air-sea-ice boundary region under the influence of mesoscale processes which are just now beginning to be understood.
Of course, the physical processes
cont r o l l i n g t h e t e m p o r a l and s p a t i a l v a r i a b i l i t y o f t h e ice cover and leads, and of t h e mass and c i r c u l a t i o n f i e l d s i n t h e A r c t i c
Ocean p e r se, a r e of i n c r e a s i n g s c i e n t i f i c and o p e r a t i o n a l i n t e r e s t .
The v a r i a b l e t r a n s f e r s of heat, moisture, and momentum between the atmosphere and ocean strongly i n f l u e n c e t h e mass and c i r c u l a t i o n f i e l d s of the upper l O O m o r so of the ocean.
An a p p r e c i a b l e p r e d i c t i v e c a p a b i l i t y f o r t h e r e s p o n s e of the upper ocean thermal s t r u c t u r e t o a t m o s p h e r i c f o r c i n g i s rapidly emerging.
This capability has immediate applications to fisheries a n d c l i m a t e s t u d i e s .
A p p l i c a t i o n o f S a t e l l i t e Remote S e n s i n g t o P r i o r i t y Problems i n P h y s i c a l Oceanography
Xesoscale Ocean V a r i a b i l i t y A t t h e p r e s e n t time, s a t e l l i t e I R and CZCS imagery c a n b e u s e f u l i n l o c a t i n g and characterizing some synoptic/mesoscale oceanic eddies, fronts, and meandering currents.
A s demonstrated by SEASAT, more s a t i s f a c t o r y q u a n t i t a t i v e i n f o r m a t i o n o n t h e dynamic topography associated with mesoscale ocean features can be obtained from s a t e l l i t e r a d a r a l t i m e t e r s . S i n c e v a r i a b l e s u r f a c e w i n d s i n f l u e n c e t h e e v o l u t i o n o f t h e s e f e a t u r e s , improved estimates of the surface wind veloc i t i e s from scatterometers should be useful for the p r e d i c t i o n o f m e s o s c a l e v a r i a b i l i t y .
SAR can also play a r o l e a k i n t o I R and c o l o r imagery i n l o c a t i o n and c h a r a c t e r i z a t i o n , d u e t o t h e m o d u l a t i o n o f s u r f a c e a n d i n t e r n a l g r a v i t y wave f i e l d s by mesoscale currents.
Ocean Tides and IJind Waves and S w e l l
A s demonstrated by SEASAT, t h e r a d a r altimeter can r e t u r n s u r f a c e h e i g h t i n f o r m a t i o n o f s u f f i c i e n t q u a l i t y t o a n a l y z e t h e open o c e a n t i d a l h e i g h t f i e l d . I t a l s o provides information on significant wave heights and s u r f a c e wind speed, from which swell can be determined, too. O f c o u r s e , s c a t t e r o m e t e r s u r f a c e wind v e l o c i t i e s c a n b e u s e f u l f o r p r e d i c t i n g wind waves and swell.
Sea Ice Boundaries Passive microwave radiometers respond to the disc o n t i n u i t y i n e m i s s i v i t y i n c r o s s i n g f r o m sea t o i c e i n t h e M I Z . Thus, they are e f f e c t i v e i n d e l i n e a t i n g t h e p o s i t i o n o f t h e ice edge. SAR i s a l s o u s e f u l i n imaging t h e v a r i a b l e i c e s t r u c t u r e i n t h e S I Z .
Scatterometer winds w i l l b e u s e f u l i n p r e d i c t i n g t h e i c e pack movement of t h e MIZ.
Air-Sea Interaction
Determination of the exchange between the atmosphere and ocean w i l l benefit from scatterometer surface winds, multichannel I R radiometers which can determine SST accurately, and atmospheric sounders which can estimate n e a r s u r f a c e a i r temperature and moisture. With the air-sea exchange forcing functions well-determined, upper ocean thermal structure forecasting should improve.
Data Base Management

General
The enormity of t h e s a t e l l i t e remote sensing data base acquired by SEASAT, and by the ongoing I R and color images, i s a new experience for oceanographers, -one which stresses c o m p u t a t i o n a l f a c i l i t i e s and d a t a distribution systems. Also, the complexity and uncertainty of the algorithms which must be a p p l i e d t o the acquired data to produce geophysical information d i c t a t e c a r e f u l a n a l y s i s , t e s t , and evaluation procedures.
PODS -
The P i l o t Ocean Data System i s a NASA-sponsored developmental data base management system under evolut i o n a t JPL. I t i s designed to process, archive, document, and d i s t r i b u t e s a t e l l i t e remote sensing data of oceanographic interest.
It supports algorithm evaluat i o n e f f o r t s f o r t h e o c e a n s c i e n c e community. PODS a l s o i n c l u d e s a system of remote, interactive user terminals for information retrieval and assessment purposes, which f a c i l i t a t e s d a t a d i s t r i b u t i o n and o t h e r f a c e t s of d a t a u t i l i z a t i o n . I t now a l l o w s a c c e s s t o a l m o s t a l l of the SEASAT data, with exception of SAR data. Thus, valuable experience i s being gained f o r t h e e f f e c t i v e u t i l i z a t i o n of ocean remote sensing d a t a o f t h e f u t u r e .
World Ocean
Circulation Experiment VOCE is a grand enterprise by which the world physical oceanography community p l a n s t o d e t e r m i n e t h e g e n e r a l c i r c u l a t i o n of the ocean over the course of s e v e r a l y e a r s , b e g i n n i n g a t t h e end of t h i s d e c a d e . S a t e l l i t e a l t i m e t e r s and scatterometers w i l l play a c e n t r a l r o l e i n t h i s a c t i v i t y .
VOCE will provide a s o l i d b a s i s f o r e v a l u a t i n g t h e o c e a n ' s r o l e i n t h e global climate, and i t w i l l s t i m u l a t e t h e e v o l u t i o n of operational ocean prediction.
SUXfARY
Experience with the limited s a t e l l i t e d a t a s e t s of t h e p a s t and p r e s e n t s u g g e s t s t h a t t h e h i g h l y c a p a b l e p r o s p e c t i v e s a t e l l i t e d a t a sets which will be a v a i l a b l e s e v e r a l y e a r s from now may a c c e l e r a t e t h e s c i e n t i f i c p r o g r e s s of physical oceanography, and i t s a p p l i c a t i o n t o o p e r a t i o n a l o c e a n p r e d i c t i o n .
